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I. INTRODUCTION

Golub in 1948 described a single-dilution method for estimating
LD-, titers. This procedure has become one of the most commonly used methods
for t'trating the psittacosis-LGV group of agents. This single-dilution
assay is based on the linear inverse relationship between the amount of
agent injected and the mean time to death (MTD) of the eggs. From this
relationship it is possible to estimate the titer based on the MTD of a
group of egg. injected with a single dilution.

The single-duse method of estimating LDM0 values for the psittacosis
group has been ustd successfully in studies on: (i) the growth cycle
in eggs, 2 (ii) the development of antibiotid-resistant strains, 3 ' and
(iii) the propagation of psittacosis in tissue culture. 5s' These
investigators reported ti.ese results as egg LD5 values. However, we were
interested in using the mouie as a host because of the great seasonal
variation in the quality of our eggs, and also because of the loss of
animal infectivity with no corresponding loss in egg infectivity following
treatment with certain solvents.' A dose correlation in the titration
end points in embryonated eggs and in mice was reported for psittacosis1

and for variola virus.a so it seemed feasible to establish a single-
dilution assay in mice. Establishing such an assay, by which we could
estimate the LDV0 value, would result in considerable savings in time and
in cost of mice.

The purpose of this report is to show (i) that there is a relationship
between dose and time to death for psittacosis in mice, (ii) that it is
reliable to estimate directly the LZ90 value of psittacosis materials
from the reciprocal MrD of a group of mice injected witli a single
dilution, and (iii) that the precision of the single-dilution assay
compares favorably with that of the LDsO titration.

II. MATERIALS AND METHODS

A. AGENT

The Borg strain of the psittacosis group was used in this study.
A 10-2 suspension of infected yolk sac material was prepared in heart
infusion broth (Difco). This suspension was blended for one minute
in a Waring Blendor (semimicro size) and further 10-fold dilutions were
made in heart infusion broth.
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B. ASSAY PROCEDURE

1roups of 10 mice, Swiss-Webster strain, weighing 10 to 14 grams were
inocjlated Intracerebrally with 0.03 ml of the diluted agent. To obtain
initial data on dose and time to death, all dilutions from 10-2 to 10-8
were used. From these data, the 10-3 dilution was selected for the single-
dose assay, and the 10-5 to 10-8 dilutions were used to bracket the 507.
end point.

Mice were observed for 12 days and deaths were recorded at 8:00 AM and
2:00 PM daily. Deaths prior to 24 hours after inoculation were assumed to
be due to inoculation trauma. Deaths discovered at successive observation
periods were assumed to have occurred at random in the interval between
the periods, and the midpoint of the interval was used as the best
estimate of time of death. Thus, a mouse alive at one observation period
and dead at the following was considered to have died at the hour halfway
between the two periods. Mice alive and well at the end of 12 days were
considered to be uninfected.

The reciprocal transformation of Brownlee and Hamreg wa3 used in
calculating MTD values. The reciprocal of the time to death was multiplied
by 100 to provide whole numbers for ease in computation.

Groups of eight 7-day-old embryonated eggs were inoculated via the yolk
sac with 0.25 ml of appropriate dilutions prepared for the assays in mice.
The eggs were candled daily at 8:00 AM and deaths were recorded. Embryos
dying prior to 48 hours were regarded as deaths from nonspecific causes;
embryos surviving 10 days after inoculation were considered to be uninfected.

The LD5 value for both eggs and mice was calculated by the method of Reed
and •uench.3 0

C. STATISTICAL ANALYSIS

All statements indicating significant differences due to host and assay
method are based on analyses of variance and F tests at the 57% level of
probability.

.h
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, 111, RESULTS

Preliminary titrations of suspensions of psittacosis were made to
gain initial information on dose and time to death relationship. As
shown in Figure 1, a linear dose-time relationship was found in the range
of concentrations from 10-4 to 10-9 in eggs and from 10-2 to 10-8 in
mice. The slope of the line is steeper for mice than for eggs, which
may indicate a more rapid growth of the agent in the mouse tissue than
in egg tissue. These linear responses indicated that both LDg0 titration
and single-dose assays were feasible in both embryonated eggs and mice.

The LDgo values for 20 preparations titrated in both eggs and mice
are given in Table 1. There was no significant difference between the
values obtained in the two hosts. Also, the inherent variability withinj each host was not significantly different.

From the dose response relationship shown in Figure 1, the 10-3
dilution was selected for the single-dose assay in mice. An MTD of about
63 hours was obtained with this dilution, which (i) assured definition
between deaths from trauma and those from infection and yet assured

1007. mortality, and (ii) limited observation of mice to twice daily.

Thirty-four psittacosis preparations were assayed for MTD and LDso
values. The logs0 mouse intracerebral LD0 (MICLD50 titers ranged from
4.0 to 9.0. The materials were grouped by titer by half-log intervals
and the relationship between the reciprocal of the MTD for the 10-3
dilution and the LD50 value is shown in Figure 2. This is the reference
curve that was used in all further assays to estimate the LDs0 value from
the MTD of groups of mice injected with the 10-3 dilution.

An additional 150 preparations were assayed in triplicate, using the
MTD value to estimate the MICLDs0 titer. In about 107 of these assays,
selected at random, a standard LD5 titration also was done. The estimated
LDm values from the sinile-dilution assay and the values calculated
according to Reed and Muench are shown in Table 2. There was no
asignificant difference between the estimated and calculated values, and
the inherent variability within each method was not significantly different.
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TABIZ 1. LDic VALUIES OBTAIME FROM TWO
WSTS GIVENI PSITTIICOSIS

Host
Rmbryona ted Mice,

Frepmraticm gags, titer titer

1 7.1 5.7
2 6.5 5.2
3 6.5 5.7
4 5.3 5.0
5 5.9 6.0
s3 6.0 5.4
7 7.6 7.7
8 7.0 7.2
9 8.7 7.3

10 7.2 7.9
11 5.3 5.5
12 9.1 8.6
13 6.4 7.3
14 7.5 7.8
15 7.8 7.6
16 7.3 7.4
17 6.6 6.5
18 7.1 6.3
19 8.4 8.4
20 8.6 8.3

k7.1 6.8

-17
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TABLE 2. LD9 VALUES OF PSITTACOSIS PREPARATIONS OBTAINED

BY TWO METHODS

Estimated Calculated
from by

Preparation Reference Curvea/, titer Reed Muench Method, titer

1 6.8 7.8
2 6.8 7.5
3 6.6 8.2
4 6.5 8.0
5 7.8 7.8
5 7.1 8.0
7 7.0 7.8
8 8.1 8.1
9 7.4 8.6

10 8.1 8.3
11 5.7 5.5
12 5.9 5.5
13 5.8 5.5
11 5.5 5.5
15 8.1 8.6
16 7.3 8.2
17 7.6 8.1
18 8.6 8.9
19 7.6 8.2
20 9.1 8.1
21 6.4 7.2
22 6.3 7.4
23 6.8 7.0
24 7.1 7.9
25 7.5 7.3
26 7.0 7.6
27 8.1 8.0
28 7.4 7.8
29 7.9 7.9
30 7ý8 7.3
31 8.1 8.8
32 8.0 8.2
33 6.8 8.0
34 7.4 7.8
35 8.0 9.3
36 9.0 9.0
37 6.9 6.5
38 7.9 7.1
39 8.4 9.5
40 8.3 8.9
41 6.? 8.2
42 7.2 7.8
43 7.8 8.4
44 8.7 8.6

x 7.4 7.8

a. See Figure 2.
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WV. DIsgU§sIPX

Since Colub1 established a single-dilution assay for the psittacosis
group of viruses, several variations of his method have been introduced.
Crocker and Bennett 11 adopted a slope assay that substituted three or more
serial lethal viral dilutions for the single lethal dilution used by Golub;
it had no relationship to any estimate of LD•o value. They assert that
greater precision was obtained with their slope assay than with a single-
dilution assay. However, Smith and Westgarth,12 in attempting to use the
slope assay in their work on several neurotzopic viruses, found no advantage
was achieved. Bauer, 1 3 working with neurovaccinia, ectromelia, dengue 1,

rabies, and yellow fever viruses, correlrted a single-dilution assay to
zero mortality (DO) units that bore a fixcd relationship to the LD50 value.
Admittedly, the single-dilution titration in DO units has advantages over
the usual LD5 titration, but as Bauer then related the Do unit to an LDso
value, there seems to be no advantage over Golub's direct correlation of
single-dilution titration to LD0 value.

Dougherty et al." include an LDso titration on a standard virus suspension
when each group of unknown virus preparations is assayed by the single-
dilution method. This is essentially the method we have found satisfactory
except that the choice of preparations that are titered by both single-
dilution assay and by LDS method is a random selection. A control
preparation is always titered with each group of unknown preparations, but
tF' LD5 titration may be made either on the control or on an unknown
preparation.

Regardless of the variations in Golub's original method, all of the
investigators qjoted are firm in their belief that the graded response
represented by a measurement of the relationship of dose and time to death
has many advantages over a quantal response such as the IDw titration.
The most frequently discussed advantage of such an assay is using one or
even three dilutions over the conventional method of using four to six
dilutions and attempting to bracket the 50% end point. Other advantages
are that (i) fewer hosts are needed, (ii) the titration is completed in a
shorter time, (iii) the time necessary for preparing dilutions and
inoculating the hosts is minimized, and (iv) with materials o. unknown
concentration, the end point is not missed by an inaccurate choice of
dilutions. In addition, using a reciprocal transformation allows each
host to contribute a numerical estimate of the amount of agent (virus,
bacteria, fungus, or toxin) inoculated into it, and the variance of
responses is stabilized over the whole range of doses.

_ _..
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In our work with psittacosis vlrus3 the number of mice used was
reduced by 62.5•j the tltratlons were complete in 3 to 5 days compsred
with the usual 12 days, three to four t/•es as many assays could be
done in a day, and no ssseys had to be repeated because we did not miss
end points. Xn 8dditlon, the precision of the single-dilutlon assay
coupared favorebly with that o£ the LDs0 tltrations.

As we found in establlshing a similar single-dilutlon assay for
Venezuele:. equine encephalomyelitis virus3Is a unlform supply of hosts

is Imperstlve. This is particularly true wlth mice that become more
resistent wlth age to many infections. A reference curve established
for mice averaging 12 grams cannot be used for those that weigh 18 grams.
The heavier mlce 1lye 24 hours longer, give smaller mean reclprocsl
values, and glve LD• values that may be as much as a log lower than when
12-gram mice are used. Also, changlng from one strain of mouse to
another would necessitate estebllshlng a new reference curve, as does
changing from one flock to another for embryo•ated eg•s.14



MRni FA WA UM41K Yini US mt MW~n 13

LITERATURE CITED

1. Golub, O.J. 1948. A single- Alution method for the estimation of
LDSa titers of the psittacosi4-LGV group of viruses in chick embryos..
J. Immunol. 59:71-82.

2. Litwin, J. 1959. The growth cycle of the psittacouis group of
microorganisms. J. Infect. Dis. 105:129-160.

3. Moulder, J.W.; Colon, J.I.; Ruda, J.; Zebovitz, MA.M. 1956.
The effect of penicillin on multiplying and non-mult~iplying
populations of sensitive and resistant strains of feline pneumonitis
virus. J. Infect. Dis. 98:229-238.

4. M~oulder, J.W.; Ruda, J.; Colon, J.I.; Greenland, R.M. 1958. The
effect of passage with chioramphenicol upon the behavior of penicillin-
resistant feline pneumonitis virus dviring subsequent passage with
penicillin. J. Infect. Dis. 102:186-201.

5. Morgan, HR. 1956. Latent viral infection of cells in tissue
culture: 1. Studies on latent infection of chick embryo tissues
with psittacosis virus. J. Exp. Med. 103:37-47.

6, Bader, JP.; Morgan, HR, 1961. Latent viral infection of cells
in tissue culture: IX. Abortive infection with psittacosis virus.
Proc. Soc. Exp. Biol. Med. 106:311-313.

7. Orlando, M.D.; Riley, J.M.; Patrick, W.C., 111. 1964. Studies on
the purification of vaccinia virus.. Bic~ech. Bioeng. 6:329-328.

8. Riley, J.M.; Orlando, M.D. 1964. Single-dose assay technique
for variola virus. Appi. Microbiol. 12:7-9.

9. Brovnleep K.A.; Hamre, D. 1951. Studies on chemotherapy of vaccinia
virus: 1. An experimental design for testing antiviral agents.
J. Bacteriol. 61:127-134.

10. Reed, L.J.; Muench, 3. 1938. A simple method of estimating fifty
per cent end points. Amer. J. IHyg. 27:493-497.

11. Crocker, T.T.; Bennett, B.M. 1955. The slope assay for measurement
of lethal potency of meningo-pneumonitis virus in the chick embryo.
J. Ismunol. 75:239-248.

in the analysis of neutralization tests for serum antibody surveys.
J. Hy.55:224-238.

4,_.



"Ac" 14

13. Bauer, D.J. 1960. Some applications of a single-dilution method of
titrating neurotropic viruses in zero mortality (DO) units. Brit.
J. Exp. Biol. Med. 41:130-139.

14. Dougherty, R.M.; McCloskey, R.V.; Stewart, R.B. 1960. Analysis
of the single-dilution method of titration of psittacosis virus.
J. Bacteriol. 79:899-903.

15. Riley, J.M.; Patrick, W.C., III; Campbell, W.E., Jr. 1963. Estimation
of LDW titer of Venezuelan equine encephalomyelitis preparations from
a single-dilution assay. J. Bacteriol. 85:1256-1260.

4 Z

4-

-------------------------------------

, 
-



Unclassified
Security Classification

DOCUMENT CONTROL DATA.- RD
MSINMIIPT -Ifl-iffcet4- t UIW 1111.. W .baamvt And mnan,.a -- tItI' t bf 69 .n... -6-G``. -i -o -",.gf nd.n

I ONICINATIIIO ACTIVITY (Ca~oy.t. SVOIb.) 24 RCPORT SECUNI TY C LISSI '.CA T - ON

APPLICATION OF THlE SINGLE-DOSE ASSAY TECHNIQUE TO PSITTACOSIS

4 DESCRIPTIVE t4OYIS (77" At NIPe., a" J.0i.A.I dl..)

5 AU7 THORS) ft..:t .&PP. hj1 50l5*. W14.1)I

Riley, Jean M4. Shirey, William N.
Campbell, William E., Jr. Dorsey, Warren G.
Orlando, Michael 0.

fRPRTDT 7. TOTAL NOý OP PAWP 7 O.O.RP

January 1967 16 15

04 CONTRACT OR GRANT NO. §.. ORIGINATOR'S REPORT HUMVIINSS)

CPROJECT NO. 1B533601D426 Technical Manuscript 351I a. 5 b. O 7 N EX ft I P O N T NO (S ) ( A n y a l A .. ,n- b . . Bom fh a n .y b e 8. . . j . . d

10ý AVA IL AUILITY/LIMITATION NOTICE$

Qualified requesters may obtain copies of this publication from DDC.
Foreign announcement and dissemination of this publication by DDC is not authorized
Release or announcement to the public is not authorized.
It SUPPSLEMIENTARY NOTES 12z. SPONSORING MILITARY ACTIVITY

DEPARTMENT OF THE ARMY

Fort Detrick, Frederick, Maryland, 21701

19 ABSTRACT

When suspensions of psittacosis organisms were injected intracerebrally
into groups of mice, a nearly linear relationship was observed between the
concentration of the agent injected and the mean tine to death of the
mice. Thirty-four psittacosis preparations were assayed and by plotting
the relationship between the reciprocal time to death for mice given the
10-3 dilution of agent and the MIfCLDsovalues for the preparations, a reference
curve was established. This reference curve made it possible to estimate

T directly the Lsonvalue of a psittacosis suspension of unknown concentration
from the mean reciprocal time to death of a group of mice injected with a
single dilution. In this work, the number of mice used was reduced by 62.5%~,
the titrations were complete in 3 to 5 days I.ompared with the usual 12 days,
three to four times as many assays could be done in a day, and no assays
had to be repeated because end points were not missed. In addition, the
precision of the single-dilution assay compared favorably with that of the
LDso titration.
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